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(54) STRUCTURE FOR RETAINING OPTICAL FIBER 

(57) A structure for retaining an optical fiber, capa- 
ble of not only handling a long optical fiber as one piece 
without causing the optical fiber as a whole to get loose 
but also reducing an area occupied by the optical fiber 
and retaining the same stably without causing micro- 
bending thereof to occur, wherein the optical fiber (1 ) is 
arranged so as to form planarly staggered turning por- 
tions thereof without causing intersecting parts to occur, 
a plurality of similar planarly staggered turning portions 
of the optical fiber being laminated in the same position 
in the direction of the thickness thereof which is at right 
angles to a plane on which the optical fiber is arranged, 
the resultant optical fiber (1) being generally retained in 
a sheet-like state by a fixing material (2), such as a 
bonding agent and a film. 
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Description 

Field of the Invention 

[0001] The present invention relates to a structure 
for retaining a long optical fiber as one piece. 

Background of the Invention 

[0002] Generally, a long optical fiber is employed as 
a constituent element in an apparatus such as an opti- 
cal fiber amplifier and an optical fiber gyroscope. 
[0003] The optical fiber amplifier comprises, for 
example, an amplification optical fiber having a core 
thereof doped with a rare earth element such as Er. The 
optical amplification factor of this amplification optical 
fiber is the product of the concentration of the doping 
element and the length of the optical fiber. That is, the 
optical amplification factor depends on a concentration- 
length product. 

[0004] To obtain a high amplification factor, there- 
fore, the concentration-length product may be set large. 
This, however, causes disadvantages such as inhibition 
of turning the optica! fiber amorphous if the concentra- 
tion of a doping element excessively increases. For that 
reason, while keeping the concentration of the element 
in a constant range, the length of the optical fiber is 
increased to some extent. 

[0005] In this way, if an apparatus is assembled 
while using a long optical fiber, it is necessary to contain 
the optical fiber in the apparatus as one piece. 
[0006] To this end, such processings as a process- 
ing for winding a long optical fiber around a reel or that 
for leading and attaching the optical fiber into the appa- 
ratus, have been hitherto carried out. 
[0007] If such a reel is to be used, however, dead 
space occurs due to the central cavity of the reel and 
the thickness of a collar and packaging density is disad- 
vantageously lowered. Further, since a high strength 
materia! is used for the reel, the reel cannot be given 
flexibility. 

[0008] In addition, if the optical fiber is led into the 
apparatus, it is required to fix the optical fiber to hooks 
or the like at predetermined pitches' intervals while 
maintaining an appropriate radius of curvature so as not 
to increase bending loss or not to loosen the optical 
fiber, thereby disadvantageous^ taking time and labor 
to contain the optical fiber. 

[0009] To avoid these disadvantages, there is pro- 
posed a structure in which an optical fiber is arranged in 
a state in which the turning positions of the optical fiber 
are staggered from one another planariy, and is 
retained by sealing it with a soft resin or the like into a 
sheet shape (see Japanese Patent Application No. 6- 
224908). 

[0010] This structure has the following advantages. 
Since the optical fiber is formed into a sheet shape as a 
whole, it is thin, flexible due to use of the soft resin and 



is easy to package. 

[001 1] Nevertheless, if the optical fiber is arranged 
in a state in which the turning positions of the optical 
fiber are staggered from one another planariy, the occu- 
5 pied area of the optical fiber increases and the increase 
of the area is greater as the optical fiber becomes 
longer. 

[0012] Furthermore, only by staggering the turning 
positions of the optical fiber planariy, the turning posi- 

10 tions unavoidably intersect one another locally and 
large bending is generated at the intersecting parts, 
thereby making it impossible to sufficiently reduce loss. 
[0013] It is, therefore, the first object of the present 
invention to allow not only integrally handling an optical 

15 fiber but also decreasing the occupied area of the opti- 
cal fiber even if it is long, and stably retaining the optical 
fiber without causing it to get loose and without causing 
micro-bending or the like. 

[0014] Further, if a long optica! fiber integrated by a 

20 sheet-like fixing material stated above is incorporated in 
an apparatus, it is required to splice an externally-led 
optical fiber to the long optical fiber to establish connec- 
tion between the apparatus with various equipment. 
[0015] In that case, according to the conventional 

25 technique, the optical fiber is pulled out of the fixing 
material and a different type of an optical fiber is spliced 
to the pulled-out end portion. If so, splicing strength is 
weak in the splicing state, with the result that the end 
portion and the other optical fiber may be possibly dis- 

30 connected from each other when external force, such as 
twist or bending, is applied to the spliced portion. 
[0016] To avoid the disconnection, the conventional 
technique take measures such as reinforcing the 
spliced portion by using a splicing sleeve. If such a splic- 

35 ing sleeve is used, the reinforced portion becomes far 
thicker and far heavier than the outside diameter of the 
optical fiber and the reinforced portion tends to be 
moved. To fix it, it is necessary to take measures to sep- 
arately provide a splicing sleeve holder on a substrate 

40 or the like, thereby disadvantageous^ taking time and 
labor for the assembly of the apparatus. 
[0017] It is, therefore, the second object of the 
present invention to make a spliced portion compact 
and stable and allow retaining an optical fiber as well as 

45 the spliced portion integrally. 

DISCLOSURE OF THE INVENTION 

[0018] The first invention is an optical fiber retaining 
so structure for fixedly retaining a long optical fiber as one 
piece, characterized in that the optical fiber is arranged 
to form planariy staggered turning portions without 
causing intersecting parts to occur, and to form a plural- 
ity of staggered turning portions laminated at a same 
55 position in a thickness direction of the optica! fiber 
orthogonal to a plane on which the optical fiber is 
arranged; and the resultant optical fiber is retained inte- 
grally in a sheet-like state by a fixing material, the fixing 
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materia! being a bonding agent or a film. 
[0019] With this structure, it is possible to handle 
the long optical fiber as a piece while maintaining a thin 
shape thereof as a whole without causing the optical 
fiber to get loose, so that the optical fiber can be easily 
arranged in an apparatus. Besides, since the optical 
fiber does not have an intersecting part at the interme- 
diate portion of the fiber, there is no fear of the occur- 
rence of bending loss. Further, such a plural layer 
winding structure, in particular, can greatly reduce an 
occupied area of the optical fiber and, therefore, 
improve packaging density. 

[0020] The second invention is based on the first 
invention and characterized in that an externally-led 
optical fiber is spliced with each end portion of the opti- 
cal fiber, and that a spliced portion is contained within 
the fixing material. Due to this, the entire retaining struc- 
ture including the spliced portion can be made compact, 
thereby facilitating connection with various equipment. 
[0021] The third invention is an optical fiber retain- 
ing structure for fixedly retaining a long optical fiber as 
one piece, characterized in that the optical fiber is 
arranged to planariy form staggered turning portions 
without causing intersecting parts to occur without over- 
lapping with one another at a same position, and the 
resultant optical fiber is retained in a sheet-like state 
integrally by a fixing material, the fixing material being a 
bonding agent or a film; and an externally-led optical 
fiber is spliced to each end portion of the optical fiber 
and a spliced portion is contained within the fixing mate- 
rial. Therefore, even with a one-layer winding structure, 
the entire retaining structure including the spliced por- 
tion can be made compact, thereby facilitating connec- 
tion with various equipment. 

[0022] The fourth invention is based on any one of 
the first to third inventions and characterized in that the 
optical fiber has an S-shaped innermost side serving as 
a winding start portion and sequentially wound in a track 
shape from the winding start portion toward a winding 
end portion. Therefore, the portion on which the optical 
fiber is led from the fixing material becomes linear, 
which linear shape is advantageous in connection with 
another optical fiber. Besides, with this structure, a twist 
does not occur and the long optical fiber can be con- 
tained in a compact manner in an apparatus. 
[0023] The fifth invention is an optical fiber retaining 
structure characterized in that a plurality of the optical 
fiber retaining structure according to the first to fourth 
inventions are combined in an optica! fiber continuous 
state and the combined retaining structures are super- 
posed in a thickness direction of a fixing material to 
thereby form another optical fiber retaining structure; 
and turning directions of superposed, adjacent upper 
and lower retaining structures are set to face opposite to 
each other. Therefore, a twist does not occur to a por- 
tion on which a continuous optical fiber moves from one 
of the upper and lower retaining structures to the other, 
whereby the increase of loss and the like can be 



avoided. 

[0024] The sixth invention is based on any one of 
the first to fifth inventions and characterized in that a fix- 
ing member such as a washer is integrally retained by 
5 the fixing material at a different position from a position 
of the optical fiber. It is, therefore, possible to obtain a 
retaining structure having an attachment portion for 
attaching the structure to various equipment in 
advance, facilitating attaching the structure to the equip- 
to ment 

[0025] The seventh invention is based on any one 
of the second to sixth inventions and characterized in 
that the spliced portion is subjected to a re-coating 
processing. As a result, the spliced portion is covered 
15 with the fixing material after being subjected to a re- 
coating processing, thereby ensuring the protection of 
the spliced portion. 

[0026] The eighth invention is based on any one of 
the first to seventh inventions and characterized in that 

20 a spliced position, at which the optical fibers are spliced 
with each other, of the spliced portion is fitted into a pro- 
tection holder, the protection holder sealed by the fixing 
member. This can further ensure the protection of the 
spliced portion compared with the seventh invention. 

25 [0027] The ninth invention is based on any one of 
the first to eighth inventions and characterized in that a 
perforated notch is formed in an optical fiber leading- 
side end portion of the fixing material. The tenth inven- 
tion is based on any one of the first to eighth inventions 

30 and characterized in that a concave portion is formed on 
an optical fiber leading-side end portion of the fixing 
material in an optical fiber leading direction. Further, the 
eleventh invention is based on any one of the first to 
eighth inventions and characterized in that a notch is 

35 formed in a part of an outer peripheral portion of the fix- 
ing material to thereby provide a flexible piece at the fix- 
ing material; and an optical fiber leading-side end 
portion is positioned at the flexible piece. As can be 
seen, according to the ninth to eleventh inventions, the 

40 fixing material is easily bent in the thickness direction 
thereof, so that it is possible to prevent the bending or 
the like of the optical fiber. 

[0028] The twelfth invention is based on any one of 
the first to eleventh inventions and characterized in that 
45 the fixing material is formed by connecting two films to 
each other with the optical fiber vertically put between 
the two films. This laminated structure facilitates fixedly 
sealing the optical fiber. 

[0029] The thirteenth invention is based on the 
so twelfth invention and characterized in that a bonding 
agent is coated on at least one of surfaces of the films, 
the surfaces facing each other. This can further facilitate 
operation for fixedly sealing the optical fiber to the fixing 
material. 

55 [0030] The fourteenth invention is based on any 
one of the first to eleventh inventions and characterized 
in that the fixing material is made of a mold material for 
sealing the optical fiber. If the optical fiber is sealed by a 
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mold material, the optical fiber can be retained more rig- 
idly, making it difficult to exert the influence of externa! 
pressure on the structure. 

[0031] The fifteenth invention is based on any one 
of the first to fourteenth inventions and characterized in 5 
that an input and output connector is provided at each 
end portion of the optical fiber. This facilitates connect- 
ing the optical fiber with the optical fiber of another 
equipment compared with a case where the optical fib- 
ers are spliced with each other. w 
[0032] The sixteenth invention is a light amplifier 
characterized in that the light amplifier has an optical 
fiber retaining structure according to any one of the first 
to fifteenth inventions; and the optical fiber consists of 
an amplification optical fiber having a core doped with 15 
an rare earth element. This can facilitate assembly of an 
apparatus and make the overall apparatus small in size. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 
[0033] 

FIG. 1 is a perspective view showing a structure for 
one-layer-winding and retaining an optical fiber; 
FIG. 2 is a cross-sectional view taken along line A- 25 
A of FIG. 1; 

FIG. 3 is a perspective view showing a structure for 
two-layer-winding and retaining an optical fiber; 
FIG. 4 is a perspective view of a manufacturing tool 
used to obtain an optical fiber retaining structure; 30 
FIG. 5 is an explanatory view for a manufacturing 
method for obtaining the optical fiber retaining 
structures shown in FIGS. 1 and 3; 
FIG. 6 is an explanatory view for concrete proce- 
dures for one-layer-winding an optical fiber; 35 
FIG. 7 is an explanatory view for concrete proce- 
dures for two-layer-winding an optical fiber; 
FIG. 8 is an explanatory view for steps in the course 
of obtaining a structure for three-layer-winding and 
retaining an optical fiber; 40 
FIG. 9 is an explanatory view for a manufacturing 
method for obtaining the optical fiber retaining 
structure shown in FIG. 8; 

FIG. 10 is an explanatory view for steps in the 
course of obtaining a structure for four-layer-wind- 45 
ing and retaining an optical fiber; 
FIG. 11 is an explanatory view for a manufacturing 
method for obtaining the optical fiber retaining 
structure shown in FIG. 10; 

FIG. 12 is an explanatory view if terminal end por- so 
tion of the optical fiber is pulled out of the inner end 
side of the turning portion thereof; 
FIG. 13 is another explanatory view if the terminal 
end portion of the optical fiber is pulled out of the 
inner end side of the turning portion thereof; 55 
FIG. 14 is a perspective view of a structure for two- 
layer-winding and retaining the optical fiber shown 
in FIG. 3, showing that a spliced portion is provided 



in a fixing materia! in the structure; 

FIG. 15 is a plan cross-sectional view of the spliced 

portion in the structure of FIG. 14; 

FIG. 16 is a cross-sectional view taken along line B- 

B of FIG. 15; 

FIG. 17 is a cross-sectional view showing a modi- 
fied example of a holder used in the structure of 
FIG. 14; 

FIGS. 18(A), 18(B) and 18(C) are plan cross-sec- 
tional views of another embodiment in which a 
spliced portion is provided in a fixing material; 
FIGS. 19(A) and 19(B) are plan cross-sectional 
views showing an optical fiber retaining structure 
provided with input/output connectors; and 
FIG. 20 is an overall block diagram of an optical 
fiber amplifier which is constituted by adopting the 
optical fiber retaining structure of the present inven- 
tion. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0034] The preferred embodiments of the present 
invention shown in the accompanying drawings will be 
described hereinafter. 

[0035] FIG. 1 is a perspective view showing an opti- 
cal fiber retaining structure in one embodiment of the 
present invention. 

[0036] In the optical fiber retaining structure in this 
embodiment, a long optical fiber 1 is retained integrally 
by a sheet-like fixing material 2 so as not to deform the 
turning shape of the optical fiber 1. 
[0037] The optical fiber 1 is arranged to planarly 
stagger the turning portions thereof from one another 
so that they do not intersect one another. The innermost 
portion of the optical fiber 1 as a winding start portion is 
S-shaped and the optical fiber is sequentially wound, 
like tracks, from the winding start portion toward a wind- 
ing end portion. The optical fiber 1 does not have a lam- 
inate structure in the thickness direction of the fixing 
material 2 orthogonal to the plane on which the optical 
fiber 1 is arranged but is wound as only one layer (which 
will be referred to as "one-layer winding" hereinafter). 
[0038] As shown in FIG. 2, the fixing material 2 is a 
laminate structure in which upper and lower films 10a 
and 1 0b for putting the optical fiber 1 therebetween are 
joined to each other. An bonding agent is applied on the 
lower film 10a facing the film 10a to thereby provide a 
bonding layer 12. It is also possible that both or either of 
the upper and lower films 10a and 10b is provided with 
the bonding layer 12. 

[0039] For example, silicon resin may be used as a 
material for the films 10a and 10b, because it is advan- 
tageously stable for a long time without alteration. Ure- 
thane rubber, UV resin or epoxy resin may be used, as 
well. It is also possible to use polyester resin, polypro- 
pylene resin or polyethylene resin. 
[0040] While the fixing material 2 of laminate struc- 
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ture is used in this embodiment, mold resin may be 
used to seat the optical fiber 1. Alternatively, a fixing 
material of a structure in which the fixing material 2 is 
formed into a bag shape in advance, an optical fiber 1 is 
inserted into the bag-shaped material 2 and the bag is 5 
then evacuated, may be used. 

[0041] An optical fiber retaining structure in an 
embodiment shown in FIG. 3 is such that the long opti- 
cal fiber 2 is retained integrally by a sheet-like fixing 
material 2 so as not to loosen the turning shape of the 
optical fiber. 

[0042] That is to say, the optical fiber 1 is arranged 
to planarly stagger turning portions thereof from one 
another so that they do not intersect one another. The 
innermost side as a winding start portion is S-shaped, 
and the optical fiber 1 is sequentially wound like tracks 
from the winding start portion toward a winding end por- 
tion. The constitution of the fixing material 2 is the same 
as that shown in FIG. 2. 

[0043] The constitution shown in FIG. 3 differs from 
that shown in FIG. 2 in that the optical fiber 1 is wound 
as two layers, i.e., upper and lower layers at the same 
position in the thickness direction of the fixing material 2 
orthogonal to the winding direction (which will be 
referred to as "two-layer winding" hereinafter). 
[0044] In the embodiments shown in FIGS. 1 and 3, 
the optical fiber 1 is shown wound only a few times to 
facilitate understanding the invention. Actually, however, 
it is a long optical fiber that is dealt with and the optical 
fiber is wound far larger number of times than those 
shown in FIGS. 1 and 3. This is true for a case of three- 
layer winding the optical fiber to be described later. 
[0045] To manufacture the optica! fiber retaining 
structures shown in FIGS. 1 and 3, a manufacturing tool 
as shown in, for example, FIG. 4 may be employed. 
[0046] In this manufacturing tool 3, two winding 
cylindrical members 4a and 4b for winding the optical 
fiber 1 are arranged to be apart from each other by a 
predetermined distance and a pair of alignment side 
plate members 6a and 6b of ellipsoidal shape are pro- 
vided while vertically putting the two winding cylindrical 
members 4a and 4b therebetween. One alignment side 
plate member 6a and the two winding cylindrical mem- 
bers 4a and 4b are formed integrally. The other align- 
ment side plate member 6b is fixed to each of the 
winding cylindrical members 4a and 4b by bolts 8 or the 
like. 

[0047] Each of the winding cylindrical members 4a 
and 4b is designed such that a thickness T put between 
the upper and lower alignment side plate members 6a 
and 6b is set according to the number of laminations of 
the optical fiber 1 and that a diameter is set so as not to 
adversely affect breaking life time after retaining the 
shape. For example, if the optical fiber 1 has a coating 
of an outside diameter of 250 u.m, the diameter of each 
of the winding cylindrical members 4a and 4b is set at 
about 50 mm. 

[0048] Next, description will be given to a manufac- 



turing method for obtaining the optical fiber retaining 
structures shown in FIGS. 1 an d 3. 
[0049] To obtain the structure of retaining the one- 
layer-wound optical fiber shown in FIG. 1 , a tool in which 
the thickness T of each of the winding cylindrical mem- 
bers 4a and 4b corresponds to the diameter of the opti- 
cal fiber 1 , is employed as the manufacturing too! shown 
in FIG. 4. 

[0050] As shown in FIG. 5, the optical fiber 1 is uni- 
formly two-folded with terminal end portions P1 and P2 
thereof trued up. The folded portion P3 is suspended on 
one of the winding cylindrical members, e.g., member 
4a of the manufacturing tool 3 as shown in FIG. 6(A). 
[0051] Next, as shown in FIG. 6(B), two optical fiber 
portions derived from folding are wound around the 
other winding cylindrical member 4b. 
[0052] Thereafter, as shown in FIG. 6(C), the opti- 
cal fiber is sequentially wound around the winding cylin- 
drical members 4a and 4b. 

[0053] As a result, the optical fiber 1 has a S- 
shaped winding start portion and the remaining portions 
thereof are sequentially wound into track shape. In that 
case, the thickness T of each of the winding cylindrical 
members 4a and 4b of the manufacturing tool 3 corre- 
sponds to the diameter of the optical fiber 1 , so that the 
optica! fiber 1 does not have a laminate structure in the 
thickness T direction and is wound in the diameter 
direction of the winding cylindrical members 4a and 4b. 
[0054] When the winding of the optical fiber 1 is 
completed, a bonding agent or the like is injected 
between the alignment side plate members 6a and 6b 
and hardened to temporarily stop the members 6a and 
6b. Thereafter, the bolts 8 are loosened and the manu- 
facturing tool 3 is detached from the optical fiber 1 . The 
two films 10a and 10b are joined to each other so as to 
vertically put the optical fiber therebetween and the 
films 10a, 10b and the optical fiber 1 are integrated with 
one another by the bonding layer 12. Consequently, the 
optical fiber 1 is sealed in a sheet shape by the fixing 
material 2. 

[0055] Meanwhile, to obtain the structure of retain- 
ing the two-layer-wound optical fiber shown in FIG. 3, a 
tool in which the thickness T of each of the winding 
cylindrical members 4a and 4b is twice as large as the 
diameter of the optical fiber 1 (that is, the thickness cor- 
responds to the thickness of a two-layer-wound optical 
fiber 1 ), is employed as the manufacturing tool 3 shown 
in FIG. 4. 

[0056] As shown in FIG. 5 as in the case of the 
above, the optical fiber 1 is arranged to be uniformly 
two-folded and the folded portion P3 is suspended on 
one of the winding cylindrical members, e.g., member 
4a of the manufacturing tool 3 as shown in FIG. 7(A). 
[0057] Next, as shown in FIG. 7(B), two optical fiber 
portions derived from folding are wound around the 
other winding cylindrical member 4b. 
[0058] Thereafter, as shown in FIG. 7(C), the opti- 
cal fiber is sequentially wound around the two winding 
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cylindrical members 4a and 4b. 
[0059] As a result, the optical fiber has an S-shaped 
winding start portion and the remaining portions thereof 
are sequentially wound in track shape. In that case, the 
thickness T of each of the winding cylindrical members 5 
4a and 4b is set to be twice as large as the diameter of 
the optical fiber 1 , so that the optical fiber 1 is wound 
twice in the thickness T direction of the winding cylindri- 
cal members 4a and 4b and wound a number of times in 
the diameter direction of the winding cylindrical mem- 
bers 4a and 4b. 

[0060] When the winding of the optical fiber 1 is 
completed, a bonding agent or the like is injected 
between the alignment side plate members 6a and 6b 
and hardened to thereby temporarily stop the members 
6a and 6b. Thereafter, the bolts 8 are loosened and the 
manufacturing tool 3 is detached from the optical fiber 1. 
The two films 10a and 10b are joined to each other so 
as to vertically put the optical fiber 1 therebetween and 
the films 10a, 10b and the optical fiber 1 are integrated 
with one another by the bonding layer 12. Consequently, 
the optical fiber 1 is sealed in a sheet shape by the fixing 
material 2. 

[0061] As can be seen, with each of the optical fiber 
retaining structures in the embodiments shown in FIGS. 
1 and 3, since the optical fiber 1 is fixed by the fixing 
material 2, the optical fiber 1 is not loosened and can 
be, therefore, dealt with integrally. As a result, the opti- 
cal fiber 1 can be easily contained in an apparatus. 
[0062] Moreover, since the optical fiber 1 is wound 
so that turning portions of the optical fiber 1 do not inter- 
sect one another, it is stably retained without causing 
micro-bending. 

[0063] Furthermore, as shown in FIG. 3, if the opti- 
cal fiber 1 is a two-layer-wound structure, the thickness 
of the fixing material 2 becomes slightly large compared 
with a case of the one-layer winding. However, the 
increase of the thickness is as small as the diameter of 
the optical fiber 1 . Besides, the two-layer-wound optical 
fiber 1 can advantageously, greatly reduce its area, 
whereby more improvement of packaging density can 
be expected. 

[0064] Additionally, as shown in FIGS. 1 and 3, if all 
portions but the inner peripheral portion of the optical 
fiber are arranged in track shape, a straight line portion 
is generated at the optical fiber 1 leading side, which 
portion is advantageous in the connection of the optical 
fiber 1 with another optical fiber. Besides, it is advanta- 
geous in retaining the write portion of a fiber grating. 
[0065] Description has been given with reference to 
FIGS. 1 to 7, while taking a case of obtaining a structure 
for retaining a one-layer-wound or two-layer-wound opti- 
cal fiber 1 as an example. It is also possible to obtain a 
structure of retaining a three or more layer-wound opti- 
cal fiber. 

[0066] First, to obtain a three-layer-wound optical 
fiber, a two-layer-wound part 12 (same structure as that 
shown in FIG. 3) and a one-layer-wound part 12 (same 



structure as that shown in FIG. 1 ) are partially manufac- 
tured for a continuous optical fiber 1 as shown in, for 
example, FIG. 8 and the parts L1 and L2 are super- 
posed on each other to provide a three-layer-wound 
retaining structure. 

[0067] In that case, adjacent upper and lower parts 
L1 and L2 have opposite turning directions such that if 
the two-layer-wound part L2 is wound counterclockwise, 
for example, the one-layer-wound part L2 is wound 
clockwise so as to prevent the optical fiber 1 from being 
twisted at a position at which the parts L2 and L1 are 
connected to each other. 

[0068] Specifically, as shown in FIG. 9, the optical 
fiber 1 is arranged in a loop state. In that case, a length 
from one terminal end portion P1 of the optical fiber 1 to 
a portion indicated by a reference symbol P5 facing 
both terminal end portions P1 and P2 though one return 
portion P3 is set to occupy 2/3 of the entire length of the 
optical fiber 1 and a length from the other terminal end 
portion P2 to the portion P2 through the other return 
portion P4 is set to occupy 1/3 of the entire length 
thereof. 

[0069] As for the portions P1 to P5 of FIG. 9, after 
the return portion P3 is suspended on a winding cylin- 
drical member 4 a of the manufacturing tool 3, the optical 
fiber 1 is wound around the winding cylindrical members 
4 a and 4 b counterclockwise in the same manner as that 
shown in FIG. 7 to thereby form a two-layer-wound part 
L2 (see FIG. 3). 

[0070] Next, as for the portions P2 to P5 of FIG. 9, 
after the return portion P4 is suspended on the winding 
cylindrical member 4 a of the manufacturing tool 3, the 
optical fiber 1 is wound around the winding cylindrical 
members 4 a and 4 b clockwise in the same manner as 
shown in FIG. 6 to thereby form a one-layer-wound part 
L1 (see FIG. 1). 

[0071] Then, an excessive-length portion (which is 
a portion near the portion P5 including P5) splicing the 
parts L1 and L2 is bent in a circular-arc manner and the 
parts L1 and L2 are superposed on each other and then 
the parts L1 and L2 are integrated with each other using 
the fixing member 2, thereby providing a three-layer- 
wound retaining structure. 

[0072] Needless to say, it is also possible to take the 
opposite process as that described above. Namely, the 
one-layer-wound part L1 may be formed first and then 
the two-layer-wound part L2 may be formed. 
[0073] in the example shown in FIGS. 8 and 9, the 
one-layer-wound part L1 and the two-layer-wound part 
L2 are superposed on each other to provide the three- 
layer-wound retaining structure. It is also possible to 
form three one-layer-wound parts shown in FIG. 1 and 
to superpose them on one another to thereby provide a 
three-layer-wound retaining structure. In that case, too, 
the turning directions of the one-layer-wound parts are 
alternately changed so as to prevent the optical fiber 1 
from being twisted at an excessive-length portion splic- 
ing the respective one-layer-wound parts. 
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[0074] Next, description will be given to a case of 
obtaining a four-layer-wound retaining structure. 
[0075] To obtain the four-layer-wound retaining 
structure, two two-layer wound parts L21 and L22 
(same structure as that shown in FIG. 2) are partially 5 
formed for a continuous optical fiber 1 and then the 
parts L21 and L22 are superposed on each other as 
shown in FIG. 10, thereby providing a four-layer-wound 
retaining structure. 

[0076] Specifically, as shown in FIG. 1 1 , the optical 10 
fiber 1 is arranged in a loop state. In that case, a length 
from one terminal end portion P1 of the optical fiber 1 to 
a portion indicated by reference symbol P5 facing both 
terminal end portions P1 and P2 through one return 
part P3 is set equal to a length from the other terminal 15 
end portion P2 to the portion indicated by reference 
symbol P5 through the other return portion P4, i.e., the 
length of the optical fiber 1 is set to be halved at the 
position of the portion P5. 

[0077] Then, the parts P1-P3-P5 and P2-P4-P5 20 
shown in FIG. 1 1 are wound about P3 and P4, respec- 
tively in the same manner as that shown in FIG. 7, 
thereby forming two-layer-wound parts L21 and L22. 
[0078] In that case, too, if one two-layer-wound part 
L21 is wound clockwise, the other two-layer-wound part 25 
L22 is wound counterclockwise, so as not to twist the 
optical fiber at a position splicing the two-layer-wound 
parts L21 and L22. 

[0079] After an excessive-length part (portion near 
P5 including P5) splicing the respective parts L21 and 30 
L22 is bent in circular-arc state to superpose the parts 
L21 and L22 on each other, the parts L21 and L22 are 
integrated with each other using a fixing member 2, 
thereby obtaining a four-layer-wound retaining struc- 
ture. 35 
[0080] While the above description concerns a four- 
layer-wound retaining structure, a five or more-layer- 
wound retaining structure can be manufactured in the 
same manner. Namely, if an even-number-layer winding 
is provided, two-layer-wound parts are laminated based 40 
on the manner of manufacturing the four-layer-wound 
structure. Also, an odd-number-layer winding can be 
provided by superposing one-layer-wound parts on the 
final layer of the even-number-layer winding. 
[0081] Moreover, in the retaining structures shown 45 
in FIGS. 1 to 1 1, the terminal end portions P1 and P2 of 
the optical fiber 1 wound in a track state are led from the 
outer end side of the turning portion. Conversely, the 
terminal end portions P1 and P2 may be led from the 
inner end side of the turning portion. so 
[0082] As shown in, for example, FIGS. 1 and 3, if 
the terminal end portions P1 and P2 are led externally 
while they are aligned, then a predetermined excessive 
length is secured for the externally-led terminal portions 
P1 and P2, the terminal portions P1 and P2 are wound 55 
in the same manner as that shown in FIG. 12 and fixed 
by the fixing member 2. The resultant structure is added 
to the retaining structure already formed. 



[0083] Furthermore, as shown in FIGS. 8 and 10, if 
the terminal end portions P1 and P2 are led externally 
from the fixing member 2 separately, then a predeter- 
mined excessive length is secured for each of the por- 
tions P1 and P2, the portions P1 ad P2 are wound as 
shown in FIGS. 13(A) and 13(B) and fixed by the fixing 
member 2 and the resultant structure is added to the 
retaining structure already formed. 
[0084] In this way, if the terminal end portions P1 
and P2 of the optical fiber 1 are led front the inner end 
side of the turning portion, external connection can be 
advantageously established without causing large 
bending in the optical fiber. This is because the large 
degree of freedom of leading direction is obtained. 
[0085] Meanwhile, in the above embodiment, only 
one optical fiber 1 is arranged circularly and fixedly 
retained by the sheet-shaped fixing material 2. If this 
retaining structure is incorporated into various appara- 
tuses employing the optical fiber 1 , it is necessary to 
splice and connect an externally-led optical fiber to the 
optical fiber for connection with various equipment. 
[0086] In that case, a structure shown in, for exam- 
ple, FIGS. 14 to 16 can be employed. 
[0087] Namely, the optical fiber retaining structure 
shown in FIGS. 14 to 16 is basically the same as the 
two-layer-wound structure shown in FIG. 3 but is differ- 
ent therefrom in the following respects. 
[0088] As shown in FIG. 14, as for the terminal end 
portions of the optical fiber 1, the superposed state in 
the thickness direction of the fixing material 2 is ended 
and these portions are arranged in parallel on the plane 
on which the fixing material 2 is arranged and external- 
led optical fibers 14 are spliced to the terminal end por- 
tions, respectively, thereby providing a spliced portion 
16. 

[0089] The spliced portion and the spliced portion- 
side end portions of the optical fiber portions 14 are 
simultaneously contained within the fixing material 2. 
Further, the other end sides of the externally-led optical 
fibers 14 are led externally of the fixing material 2. 
[0090] As shown in FIG. 15, the position of the 
spliced portion 16 stated above on which the optical fib- 
ers 1 4 are spliced to each other, is fitted into a protec- 
tion holder 17 and the holder 17 is sealed by the fixing 
material 2. 

[0091] The holder 17 used therein is made of a 
material which does not damage the optical fibers 14 
and which has small change in shape, for example, hard 
resin or glass. V-grooves 17a shown in FIG. 16(A), 
recessed grooves 17b shown in FIG. 16(B) or tubular 
through holes 17c shown in FIG. 16(C) are formed in 
part of the holder 17 and the positions at which the opti- 
cal fibers 14 are spliced is inserted into the grooves 17a, 
17b or through holes 17c. In that case, it is preferable 
that the spliced portions is re-coated with the same 
material as that of the coating layer of the optical fiber in 
advance. 

[0092] Further, soft resin 18 is filled in spaces 
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formed near the holder 17, thereby preventing unneces- 
sary bending, twist or the like from occurring in the thick- 
ness direction of the fixing material 2 orthogonal to the 
axial direction of the optical fibers 1 and 14. 
[0093] A filler such as bonding agent or jelly may be 
filled in the grooves 1 7a, 1 7b or through holes 17c of the 
holder 17a to retain the spliced portions. Alternatively, 
the holder 1 7 may be vertically or horizontally halved as 
shown in FIG. 17. 

[0094] In the embodiment shown in FIG. 14, wash- 
ers 19 serving as fixing parts for fixation to another 
equipment are temporarily held integrally with the fixing 
material 2 in the four corners of the fixing material 2. By 
integrally providing the washers 1 9 with the fixing mate- 
rial in advance, it is possible to easily attach this retain- 
ing structure to another equipment. As the fixing parts, 
not only the washers 19 but also plates made of, for 
example, hard resin may be used. 
[0095] As can be seen from the above, with the opti- 
ca! fiber retaining structure shown in FIGS. 14 to 17, the 
spliced portion 1 6 as well as the long optical fiber 1 is 
temporarily retained by the fixing material 2 in a com- 
pact, stable manner, thereby facilitating handling the 
optical fiber if it is incorporated into an apparatus. 
[0096] The spliced portion 16 is, in particular, tem- 
porarily fixed by the fixing material 2 and the portion 16 
is small in size. Due to this, it is not required to sepa- 
rately attach a holder for fixing a splicing sleeve, to a 
substrate or the like as seen in the conventional struc- 
ture. 

[0097] Moreover, since the externally-led optical fib- 
ers are led from the fixing material 2, the structure can 
be easily connected to various equipment. 
[0098] In the embodiment shown in FIG. 14, the 
spliced portion 16 is provided at a position of the exter- 
nal end portion of the optical fiber 1 wound in the fixing 
material 2. As shown in FIGS. 18(A) to 18(C), the exter- 
nally-led optical fibers 14 may be arranged to be wound 
in a track state in the same manner as that of the optical 
fiber 1 to thereby position the spliced portion 16 at the 
inner side of the optical fibers 14. By doing so, it is pos- 
sible to protect the spliced portion 16 from being applied 
with excessive external force. 

[0099] Further, a perforated notch 2a may be pro- 
vided on the end portion of the fixing material 2 at the 
optical fiber 14 leading side as shown in FIG. 18(A), a 
convex portion 2b may be provided in the direction in 
which the fixing material 2 leads the optical fibers 14 as 
shown in FIG. 1 8(B) or a notch 2c may be formed in one 
edge of the fixing material 2 to thereby provide a trian- 
gular flexible piece 2d as shown in FIG. 18(C). 
[0100] With this structure, the end portion of the fix- 
ing material 2 at the optical fiber 14 leading side is made 
flexible and easily bent in the thickness direction 
thereof. Due to this, the degree of freedom of leading 
direction is increased if the optical fibers 14 are led out 
to connect the retaining structure with various equip- 
ment and bending or the like can be effectively pre- 



vented from occurring to the optical fibers 14. 
[0101] The constitution for providing the fixing 
material 2 with the perforated notch 2a, convex portion 
2b or flexible piece 2d should not be limited to a case of 
5 providing the spliced portion 16 shown in FIGS. 14 to 
18. The constitution can be applied to a structure for 
only allowing the fixing material 2 to retain the optical 
fiber 1 without providing the spliced portion 16 shown in 
FIGS. 1 to 13. 

w [0102] Further, in the constitution shown in FIGS. 
14 to 18, the spliced portion 16 employs the holder 17. 
However, the spliced portion 16 can be re-coated with 
the same material as that of the coating layer of the opti- 
cal fibers 1 and 14 and sealed in the fixing material 2 

15 without providing the holder 17. 

[0103] Moreover, as shown in FIG. 19, it is possible 
to provided an input/output connector 20 on each of the 
end portions of the optical fiber 1. In that case, as 
shown in FIG. 19(A), the connectors 20 are connected 

20 to the end portions of the optical fiber 1 led externally 
from the fixing material 2. Alternatively, as shown in FIG. 
19(B), part of the connectors 20 may be contained in 
the fixing material 2. The input/output connectors 20 
may be connected to the externally-led optica! fibers 14 

25 as shown in FIGS. 14 to 18. 

[0104] FIG. 20 is an entire block diagram showing a 
case where an optical fiber amplifier is constituted by 
adopting the optical fiber retaining structure of the 
present invention. 

30 [0105] The optical fiber amplifier shown in FIG. 20 
includes an optical fiber having a core doped with a rare 
earth element (e.g., Er) as an amplification element so 
as to amplify signal light by a stimulated emission effect. 
An externally-led optical fiber 14 is connected to the 

35 optical fiber 1 through a spliced portion 16. An ordinary 
single-mode optical fiber made of, for example, quartz is 
used as this optical fiber 14. 

[0106] The optical fibers 1 and 14 as well as the 
spliced portion 16 are retained by, for example, the 

40 structure shown in FIG. 14. 

[0107] Reference symbol 22 denotes a laser diode 
for generating excitation light for pumping the amplifica- 
tion optical fiber 1, reference 23 denotes a light coupler 
for introducing the excitation light into the amplification 

45 optical fiber 1 , reference symbol 24 denotes an isolator 
for allowing signal light to pass only in one direction and 
reference symbols 25 and 26 denote an incident end 
and an emission end, respectively. 
[01 08] A long optical fiber is employed as the ampli- 

so fication optical fiber 1 in the optical fiber amplifier consti- 
tuted as stated above so as to ensure a required 
amplification factor. By adopting the optical fiber retain- 
ing structure of the present invention, it is possible to 
easily contain the optical fiber 1 as one piece in an 

55 apparatus even if an apparatus shown in FIG. 20 is 
assembled. Besides, since the optica! fiber is planar as 
a whole, an occupied area thereof can be greatly 
reduced, whereby packaging density can be increased 
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and the apparatus can be made small in size as a 
whole. 

Potential Industrial Use of the Invention 

5 

[0109] As stated so far, the present invention ena- 
bles the following potential use. 

(1) Since the optical fiber is sheet-shaped as a 
whole, it is thin, can be integrally handled without 10 
causing the optical fiber to get loose and can be 
easily arranged in an apparatus. 

(2) Since the optical fiber is arranged to form turn- 
ing portions without causing intersecting parts, it is 
stably retained without causing micro-bending or 15 
the like. 

(3) If the optical fiber has a multiple-layer-wound 
structure, the thickness of the fixing material is 
slightly increased. The increase of the thickness is, 
however, only slight. Rather, the occupied area 20 
thereof can be greatly reduced even if the optical 
fiber is a long one, whereby packaging density can 

be increased. 

(4) If the optical fiber is arranged to be wound in a 
track state, a straight line portion is generated on 25 
the optical fiber leading portion, which straight line 
portion is advantageous if another optical fiber is 
connected to the structure. Further, it is advanta- 
geous in retaining the write portion of a fiber grat- 
ing. 30 

(5) In case of obtaining a multiple-layer-wound 
retaining structure by superposing one-layer- 
wound and/or two-layer-wound optical fiber retain- 
ing structures, the optical fiber winding directions of 
upper and lower retaining structures adjacently 35 
superposed on each other are set opposite to each 
other. By doing so, twist does not occur to a portion 
moving from one of the upper and lower retaining 
structures to the other, whereby it is possible to 
avoid the increase of loss of the optical fiber and the 40 
occurrence of bending or the like to the optical fiber. 

(6) When the optical fiber is fixed to another equip- 
ment, fixing parts such as washers are arranged 
integrally with the optical fiber. By doing so, a retain- 
ing structure having a fixing portion can be obtained 45 
in advance, thereby facilitating attaching the optical 
fiber to equipment or the like. 

(7) If not only the long optical fiber but also the 
spliced portion are integrated with each other by the 
fixing material, the optical fiber can be retained in a so 
compact, stable manner. Besides, since the exter- 
nally-led optical fiber is led from the fixing material, 

the optical fiber can be handled more easily if it is 
assembled into an apparatus such as the easier 
connection of the structure to various equipment. 55 

Additionally, it is not required to separately 
attach a holder for independently fixing a splicing 
sleeve, to a substrate or the like as seen in the con- 



ventional case. 

Furthermore, if the spliced portion is sealed in 
the fixing material while being re-coated without 
using a holder for retaining the spliced portion, the 
resultant structure can be made simpler and thin- 
ner. 

(8) if a perforated notch is provided on the optical 
fiber leading-side end portion of the sheet-like fixing 
material, if a convex portion is provided in optical 
fiber leading direction or if a flexible piece is pro- 
vided by forming a notch, then the fixing material is 
easily bent in the thickness direction thereof. Due to 
this, the degree of freedom of leading direction if 
the optical fiber is led out for connection to various 
equipment is increased and it is possible to prevent 
bending or the like from occurring to the optical 
fiber. 

(9) If a sheet-shaped fixing material of a laminate 
structure is employed, the optical fiber can be easily 
sealed and integrated with the fixing material. In 
particular, if a bonding agent is coated on at least 
one side of a film, sealing operation can be carried 
out quite easily. 

(1 0) If input/output connectors are provided on the 
respective end portions of the optical fiber in 
advance, the optical fiber can be connected to 
another equipment more easily than they are 
spliced to each other. 

(11) If an optical fiber amplifier provided with the 
optical fiber retaining structure is constituted, an 
apparatus can be assembled easily and the appa- 
ratus can be made small in size as a whole. 

Claims 

1 . An optical fiber retaining structure for fixedly retain- 
ing a long optical fiber as one piece, characterized 
in that 

said optical fiber is arranged to form planarly 
staggered turning portions without causing 
intersecting parts to occur, and to form a plural- 
ity of staggered turning portions laminated at a 
same position in a thickness direction of the 
optical fiber orthogonal to a plane on which the 
optical fiber is arranged; and 
the resultant optical fiber is retained integrally 
in a sheet-like state by a fixing material, the fix- 
ing material being a bonding agent or a film. 

2. An optical fiber retaining structure according to 
claim 1 , characterized in that 

an externally-led optical fiber is spliced to each 
end portion of said optical fiber, and a spliced 
portion at which the externally-led optical fiber 
and each end portion are spliced to each other 
is contained within said fixing material. 
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An optical fiber retaining structure for fixedly retain- 
ing a long optical fiber as one piece, characterized 
in that 

said optical fiber is arranged to planarly form 5 
staggered turning portions without causing 
intersecting parts to occur without overiapping 
with one another at a same position, and the 
resultant optical fiber is retained in a sheet-like 
state integrally by a fixing material, the fixing 10 
material being a bonding agent or a film; and 
an externally-led optical fiber is spliced to each 
end portion of said optical fiber and a spliced 
portion is contained within said fixing material. 

15 

An optical fiber retaining structure according to any 
one of claims 1 to 3, characterized in that 

said optical fiber has an S-shaped innermost 
side serving as a winding start portion and 20 
sequentially wound in a track shape from the 
winding start portion toward a winding end por- 
tion. 

An optical fiber retaining structure characterized in 25 
that 

a plurality of the optical fiber retaining structure 
according to claims 1 to 4 are combined in an 
optical fiber continuous state and the combined 30 
retaining structures are superposed in a thick- 
ness direction of a fixing material to thereby 
form another optical fiber retaining structure; 
and 

turning directions of superposed, adjacent 35 
upper and lower retaining structures are set to 
face opposite to each other. 

An optical fiber retaining structure according to any 
one of claims 1 to 5, characterized in that 40 

a fixing member such as a washer is integrally 
retained by said fixing material at a different 
position from a position of said optical fiber. 

45 

An optical fiber retaining structure according to any 
one of claims 2 to 6, characterized in that 

said spliced portion is subjected to a re-coating 
processing. so 

An optical fiber retaining structure according to any 
one of claims 2 to 6, characterized in that 

a spliced position, at which the optical fibers 55 
are spliced with each other, of said spliced por- 
tion is fitted into a protection holder, the protec- 
tion holder sealed by said fixing member. 



9. An optical fiber retaining structure according to any 
one of claims 1 to 8, characterized in that 

a perforated notch is formed in an optical fiber 
leading-side end portion of said fixing material. 

10. An optical fiber retaining structure according to any 
one of claims 1 to 8, characterized in that 

a concave portion is formed on an optical fiber 
leading-side end portion of said fixing material 
in an optical fiber leading direction. 

11. An optical fiber retaining structure according to any 
one of claims 1 to 8, characterized in that 

a notch is formed in a part of an outer periph- 
eral portion of said fixing material to thereby 
provide a flexible piece at said fixing material; 
and an optical fiber leading-side end portion is 
positioned at said flexible piece. 

12. An optical fiber retaining structure according to any 
one of claims 1 to 1 1 , characterized in that 

said fixing material is formed by joining two 
films to each other with the optical fiber verti- 
cally put between the two films. 

13. An optical fiber retaining structure according to 
claim 12, characterized in that 

a bonding agent is coated on at least one of 
surfaces of said films, said surfaces facing 
each other. 

14. An optical fiber retaining structure according to any 
one of claims 1 to 1 1 , characterized in that 

said fixing material is made of a mold material 
for sealing the optical fiber. 

15. An optical fiber retaining structure according to any 
one of claims 1 to 14, characterized in that 

an input and output connector is provided at 
each end portion of said optical fiber. 

16. A light amplifier characterized in that 

said light amplifier has an optical fiber retaining 
structure according to any one of claims 1 to 
15; and 

said optical fiber consists of an amplification 
optical fiber having a core doped with an rare 
earth element 
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